Through the studies that obtain information about the user experience on lighting system performance, user satisfaction can be obtained. These studies are significant in order to analyse the system as a later stage and make recommendations. Following a post-occupancy evaluation (POE) study having focused on the user experience on the lighting system, the lighting system of the case study building has been analysed within this paper. In this analysis, the daylighting system and artificial lighting system have been examined. The design parameters for each system have been determined and different scenarios have been created. Under the impact of different scenarios, the performances of the daylighting and artificial lighting systems were analysed through the validated lighting simulation software DIALUX. It has been observed that the scenarios created for both the daylighting system and the artificial lighting system have had different impacts on the related systems. Through this kind of analysis studies, the most suitable lighting system design solution can be obtained for the evaluated space.
Introduction
Studies that obtain information on user experience regarding to the lighting system's performance are significant as user satisfaction can be provided accordingly. Related to this, obtaining the information on user experience through these studies is noteworthy when analysing the performance of the lighting system.
The related scholar literature underlines that user satisfaction on daylighting system, artificial lighting system and lighting control systems can be acquired through the post-occupancy evaluation (POE) studies. By means of a POE study, drawbacks of the above-mentioned systems can be determined and appropriate design solutions can be produced (Hygge and Löfberg, 1999) .
This paper aimed at analysing the performance of the lighting system in the case study building following a formerly conducted POE study that focused on obtaining the user experience on the lighting system. Daylighting system and artificial lighting system were analysed. The methodology consisted of determining the design parameters for each system and developing different scenarios evaluating the determined parameters. Using the lighting simulation software DIAL-UX, the illuminance levels on the determined work planes were calculated and compared considering the project information and the generated scenarios. It was observed that the parameters resulted in distinct impacts on the performance of daylighting and artificial lighting systems.
The pilot study
Istanbul Technical University (ITU) Lecture Hall A Building in the Ayazaga Campus (Maslak, Istanbul) has been evaluated as the case study building. As the first phase, a POE study was conducted in the lecture halls and seminar rooms of this case study building in March 2015 in order to obtain the evaluation of the students on the existing daylighting and artificial lighting systems. When the students were asked their general impression related to the visual environment in the lecture halls in the former POE study, more than half of them evaluated the lecture halls as bright. Some of their general evaluations indicated that little light entered from the window and illumination of the board could be increased (Kaçel and Yener, 2015) .
Based on the user evaluations obtained from the POE study at the first phase, the performances of the lighting systems in the lecture halls were analysed as the second phase within this paper ( Figure 1a ). The width of the lecture hall studied in this paper was 10.28m, the depth was 13.72m and the height was 7.03m. The illuminance levels on the work planes in the lecture hall were calculated for the evaluation the lighting system performance considering the selected parameters. As the work planes, horizontal plane was assigned on the student desk surface and vertical plane was assigned on the white board surface on the wall opposite the desk rows (Figure 1b) .
The illuminance levels were calculated through the daylight simulation and artificial light simulation using the validated lighting simulation software DIALUX (DIALUX, 2016 (Küçükdoğu, 1982, p. 58-59) .
The design parameters within the frame of the pilot study
Among the design parameters indicated in the scholar literature, three design parameters related to the daylighting system and three design parameters related to the artificial lighting were selected. The impact of the selected design parameters on the performance of the daylighting system and artificial lighting system in the studied lecture hall were evaluated. As the design parameters related to the daylighting system; dimension of window, light transmittance of window glazing and reflectance of internal surfaces were investigated. As the design parameters related to the artificial lighting system; type and specifications of lamp, type of luminaire and reflectance of internal surfaces were under consideration (Table 1).
In the studied lecture hall in this pilot study, there was one side window looking towards the glazed gallery space between the two lecture halls. The dimension of the window was indicated 6.00m (width) and 4.00m (height) as the information on the project drawings. The light transmittance of the glazing was considered as 71% with the guidance of the manufacturer catalogue information for the type of glazing used in the building. The information for the artificial lighting system was indicated as linear 58W fluorescent luminaire on the project drawings. With the guidance of manufacturer catalogue information, direct linear 58W fluorescent luminaire providing 5240lm luminous flux was evaluated in the artificial light simulation. The reflectance of internal surfaces were considered as 20% for the ceiling (ceiling material: metal sheet painted in dark colour), 73% for the walls (wall material: paint in light colour) and 46% for the floor (floor material: vinyl covering in medium colour) as a result of the materials determined during observing the lecture hall.
In this pilot study considering a lecture hall two evaluation matrices were generated, one of which focused on the daylighting system and the other one focused on the artificial lighting system, in order to investigate the impact of selected design parameters of the systems' performances. Each matrix contained four different scenarios by changing the design parameters. In the related given tables (Table 2 and Table   Table 1 . The design parameters for the daylighting system and artificial lighting system analysed in this pilot study.
3), the grey-coloured boxes indicated the project information and the diagonally-hatched boxes indicated the changed design parameters:
• The evaluation matrix for the daylighting (DL) system ( The simultaneously change of the above-mentioned three design parameters As explaining the scenarios in detail, the scenario DL-1 provided a longer window towards the middle of the lecture hall but kept the same window area as given on the project information. The scenario DL-2 provided a higher light transmittance value chosen from the same manufacturer's catalogue information. The scenario DL-3 applied the average of the recommended reflectances for the ceiling as between 70% and 90% in the EN 12464-1 (EN 12464-1, 2011) . The scenario DL-4 evaluated the impact of all three parameters within the evaluation matrix of the daylighting as a result of changing the parameters simultaneously. The scenario AL-1 underlined a luminaire with less lighting power consumption when compared with the project information. The scenario AL-2 considered the impact of artificial light reflecting from the ceiling surface. The scenario AL-3 applies the same target as explained in the scenario DL-3. The scenario AL-4 evaluated the impact of all three parameters within the evaluation matrix of the artificial lighting as a result of changing the parameters simultaneously.
Evaluation of the daylighting system
In the evaluation of the daylighting system performance; minimum (E min ), average (E ave ) and maximum (E max ) illuminance levels on the work planes in the lecture hall were analysed (Table  4 ). The work planes were considered as being on the student desks and the white board on the wall. 
Work plane on the student desks
In the evaluation of the project information named as the Project, the average illuminance levels on the student desks on the window wall side (indicated with the work planes A) were higher than the average illuminance levels on the student desks opposite the window wall (indicated with the work planes B). This proved the contribution of the side window on the illuminance levels. The average illuminance levels on the student desks on the window wall side from the middle of the lecture hall towards the upper levels (from the work plane SD-5A) provided the maintained illuminance level 500 lux given by the EN 12464-1 in order to provide the visual comfort conditions in adult education and lecture halls. This given illuminance level could not be provided on the student desks opposite the window wall.
In the scenario DL-1 evaluating the change in the dimension of the window, the width of the window was enlarged towards the middle of the lecture hall. The illuminance levels on the student desks both on the window wall side and opposite the window wall increased. The average illuminance levels on the student desks on the window wall side provided 500 lux starting from the work plane SD-4A. The scenario DL-2 was about the light transmittance of the window glazing and more effective for increasing the illuminance levels provided in the Project than the scenario DL-1, starting from the middle of the lecture hall towards the upper levels (from the work plane SD-5A for the student desks on the window wall side and the work plane SD-6B for the student desks opposite the window wall). In the scenario DL-3, which focused on the reflectance of the ceiling, a similar pattern was observed with the scenario DL-1 in terms of the increase in the illuminance levels. It has been seen that the scenario DL-4 changing the dimension of the window, the light transmittance of the glazing and the reflectance of the ceiling simultaneously has the largest impact on the illuminance levels. The average illuminance levels on the student desks on the window wall side was calculated as 577 lux (E ave ) on the work plane SD-2A and increased towards the upper levels of the lecture hall. The maintained illuminance level 500 lux given in the EN 12464-1 was not provided on the student desks opposite the window wall. The maximum illuminance level on the work plane SD-6B was calculated as 542 lux (E max ) and increased towards When all the student desks were evaluated, the average illuminance level was calculated as 427 lux (E ave ) in the Project. In the scenarios providing the maintained illuminance 500 lux given in the EN 12464-1, the average illuminance level was calculated as 510 lux (E ave ) in the scenario DL-1, 529 lux (E ave ) in the scenario DL-2 and 728 lux (E ave ) in the scenario DL-4.
Work plane on the white board
The illuminance levels on the white board were evaluated (WB-1A). Starting from the scenario DL-1, each scenario increased the illuminance levels on the white board gradually. Having the largest impact, the average illuminance level was calculated as 183 lux (E ave ) in the scenario DL-4. The maintained illuminance 500 lux given in the EN 12464-1 for the boards could not be obtained on the white board surface.
Evaluation of the artificial lighting system
In the evaluation of the artificial lighting system performance; minimum (E min ), average (E ave ) and maximum (E max ) illuminance levels on the student desks and the white board on the wall were analysed as in the daylighting system evaluation (Table 5) .
Work plane on the student desks
In the evaluation of the project information named as the Project, it has been seen that most of the average illuminance levels on the student desks provided the maintenance illuminance 500 lux indicated in the EN 12464-1.
In the scenario AL-1 that evaluated the type of lamp and power as 40W LED, all the average illuminance levels on the student desks increased when compared with the Project and provided the maintained illuminance 500 lux given in the EN 12464-1. The average illuminance level on the work plane SD-1A in the Project as 631 lux (E ave ) was calculated as 788 lux (E ave ) in the scenario AL-1. The scenario AL-2 considered the impact of the direct and indirect luminaire on the artificial lighting performance. Due to the light reflected towards the dark-coloured ceiling with the reflectance 20%, the illuminance levels on the student desks decreased when compared with the Project. The number of student desks providing the maintained illuminance 500 lux largely decreased. The scenario AL-3, which increased the reflectance of the ceiling as 80%, had less impact than the scenario AL-1. However, the scenario AL-3 increased the illuminance levels on the student desks when compared with the Project. All the student desks provided the maintained illuminance 500 lux given in the EN 12464-1. In the scenario AL-4 evaluating the type of lamp and power, the type of the luminaire and the reflectance of the ceiling simultaneously, the illuminance levels increased when compared with the Project. Nevertheless, the scenario AL-4 was less effective than the scenarios AL-1 and AL-3. Except of one number of student desk, the maintained illuminance 500 lux given in the EN 12464-1 was obtained.
When all the student desks were evaluated, the average illuminance level was calculated as 618 lux (E ave ) in the Project. In the scenarios providing the maintained illuminance 500 lux given in the EN 12464-1, the average illuminance was calculated as 765 lux (E ave ) in the scenario AL-1, 718 lux (E ave ) in the scenario AL-3 and 626 lux (E ave ) in the scenario AL-4.
Work plane on the white board
The illuminance levels on the white board (WB-1A) were evaluated. The scenarios AL-1, AL-3 and AL-4 increased the illuminance levels. As the most effective scenario, the average illuminance level was calculated as 347 lux (E ave ) in the scenario AL-3. The maintained illuminance 500 lux given in the EN 12464-1 could not be obtained on the white board surface.
Conclusion
The performances of the daylighting system and artificial lighting system were evaluated by considering different design parameters in the lecture halls of ITU Lecture Hall A Building as the case study building. In terms of the daylighting system in the project, the side window provided higher illuminance levels on the student desks on the window wall side than on the desks opposite the window wall. The highest increase in the illuminance levels on the student desks as the work plane was provided by the simultaneous change of the three design parameters as the dimension of the window, the light transmittance of the glazing and the reflectance of the ceiling. However, the maintained illuminance 500 lux given for the lecture halls in the EN 12464-1 could not be provided by the average illuminance levels on the student desks opposite the window wall. The average illuminance level on all the student desks opposite the window wall was calculated as 375 lux (E ave ) and the average illuminance level on all the student desks on the window wall side was calculated as 1080 lux (E ave ).
The impact of the scenarios generated for the artificial lighting system was evaluated. The scenario changing the type and power of lamp as 40W LED was the most effective configuration on the increase in the illuminance levels on the student desks. The average illuminance level on all the student desks on the window wall side was calculated as 755 lux (E ave ) and the average illuminance level on all the student desks opposite the window wall was calculated as 775 lux (E ave ). Having an uniformity ratio 0.64 in the studied lecture hall, the uniformity ratio 0.60 given for the lecture halls in the EN 12464-1 was provided. In addition, comparing the performance of the 58W fluorescent luminaire and 40W LED luminaire showed the higher illuminance levels obtained with less lighting power consumption. This underlines the significance of energy efficient lighting approach.
None of the scenarios regarding to the daylighting system and artificial lighting system provided the maintained illuminance 500 lux given for the white boards in the EN 12464-1. As the highest values, the average illuminance level 183 lux (E ave ) was calculated in the daylighting system analysis when the all three design parameters were changed and the average illuminance level 347 lux (E ave ) was calculated in the artificial lighting system when the reflectance of the ceiling was increased. As the maintained illuminance 500 lux were not provided with any of the scenarios, it has been evaluated that a lighting system for the white board was needed as supplementary to the lighting of the lecture hall.
The scenarios, which were generated through the design parameters related to the daylighting system and artificial lighting system in the literature, were analyzed in the studied lecture hall as the pilot study. The analysis aimed at evaluating the performance of the daylighting and artificial lighting systems under the changing scenarios. Being considered in the scenarios, the impact of the design parameters on the performance of the lighting systems were analysed. The analysis results were evaluated through comparing them to the illuminance levels given for providing the visual comfort conditions. The scenarios created for both the daylighting system and the artificial lighting system have had different impacts on the performances of the systems. Through this kind of analysis studies, the most suitable lighting system design solution can be obtained for the evaluated space.
